X-ray diffraction from oriented specimens of purified preparations of particles of heracleum latent closterovirus (HLV) showed that they have a helical arrangement of protein subunits, and that the structure repeats in five helical turns in which there are 5q + 1 protein subunits, where q is an integer. The pitch of the helix was estimated to be 3.26 (+0.10) nm. Optical diffraction patterns from electron micrographs of HLV particles give an estimated pitch of 3-3 ( + 0.2) nm and show that the number of subunits in the repeat period is 5q-1, where q has a value of 8 or 9. Optical diffraction from electron micrographs of particles of a second closterovirus, heracleum virus 6, shows that they too have a helical structure which repeats in five turns, in which there are 5q + 1 protein subunits. The estimated pitch of the primary helix is 3-6 (+0-2) nm, and the estimate of q is 9.
Heracleum latent virus (HLV; Bern & Murant, 1979b , c, 1980 and heracleum virus 6 (HV6; Bem & Murant, 1979a) are plant viruses possessing very flexuous filamentous particles with an open structure characteristic of members of the closterovirus taxonomic group (Bar-Joseph & Murant, 1982) . The modal length and width of HLV particles reported by Bem& Murant (1979b) appeared to depend on the negative stain; the values given were about 770 nm and 13.7 nm in uranyl acetate (UA) pH 3.5, 730 nm and 12.5 nm in sodium phosphotungstate (PTA) pH 7.0 and 610 nm and 10.5 nm in ammonium molybdate pH 7-0. The spread of length values was very similar both in UA and in PTA, and the difference in lengths in these stains was only 5 ~ and may not be statistically significant. Even if the difference is real, it could be as much a result of particle breakage as of particle stretching. Bem& Murant (1979b) found no characteristic modal length for HLV particles in uranyl formate/NaOH pH 4.8, probably because of stretching and/or breakage of the particles; obvious periodicity was visible in this stain but its estimated pitch (3.8 nm) would be incorrect if the particles were distorted. The particle properties of HLV are very similar to those of apple chlorotic leaf spot closterovirus (Bem& Murant, 1979c) . In contrast, HV6 has particles up to about 1400 nm long in UA pH 3-5 (Bem& Murant, 1979a) , and therefore resembles more closely beet yellows closterovirus. This paper describes the results of diffraction studies with the two viruses.
Purified preparations of HLV, made as described by Bem& Murant (1979b), contain from 2 to 24 mg virus particles/100 g Chenopodium quinoa leaf tissue. The best preparations exhibit obvious flow birefringence in polarized light. We have examined such a concentrated preparation of HLV (kindly supplied by Dr F. Bem) by X-ray diffraction. Oriented specimens of HLV were prepared by the coverslip method (Bernal & Fankuchen, 1941 ; Tollin et al., 1968) . The X-ray diffraction pattern shown in Fig. 1 (c) is from a dry specimen of HLV at 70~ relative humidity. The measurements from this pattern are given in Table 1 . There are several near-meridional diffraction maxima, and most of these lie on layer-lines of mean spacing 0-307 nm -~ (layer-lines number 5, 10, 15 and 20 in Table 1 ). This pattern can be interpreted as being due to a helical arrangement of protein subunits of pitch 3.26 (+ 0.10) nm. There are other near-meridional maxima which lie on more closely spaced layer-lines, and these show that the structure repeats in five helical turns (see Table 1 ), in which there are 5q + 1 protein subunits, where q is an integer.
Electron micrographs of stained HLV particles often show periodicity (Bem& Murant, 1979 b) , which is taken as evidence of a helical arrangement of protein subunits. Optical diffraction studies were made of straight regions of particles in different stains in the hope that this would distinguish between 5q + 1 and 5q -1, and also give an estimate of the value of q. Only particles stained with UA or PTA gave diffraction patterns indicating structural * y/D is the ratio of the distance of the layer-line from the equator of the diffraction pattern to the specimen-to-film distance.
detail. These diffraction patterns exhibited off-meridional maxima on layer-lines of spacing about 0.3 nm-1 ; no consistent differences in this spacing were observed between the two stains. The patterns are characteristic of diffraction from a helix of pitch which is the inverse of the layer-line spacing, i.e. about 3.3 (_+0.2) nm, which corresponds to the periodicity deduced from the X-ray diffraction pattern. Some of the optical diffraction patterns also showed maxima on a layer-line at about 0.06 nm -1, one-fifth of the 0.3 nm -1 layer-line spacing. This is consistent with the X-ray diffraction evidence that the structure of the HLV particle repeats in five helical turns. In the few instances (about 10~) in which the diffraction patterns showed evidence of single-sided staining (Fig. 1 b) , the intensity on the 0.3 nm -1 layer-line was strong in the same quadrant as the intensity on the 0.06 nm -1 layer-line, showing that the number of subunits in the true repeat period is 5 q -1 rather than 5 q + l (Wilson et al., 1978) . The distance of the diffraction maximum from the meridian on the 0-06 nm -1 layer-line (R) indicates the order of the Bessel function (n) contributing to this layer-line and hence the value of q (Klug & Berger, 1964) . Measurements of R, combined with the assumption that the stain is close to the outside of the particle at a radius (r) of 6.85 nm, give a value of 27tRr for this diffraction maximum of 10.2 + 0.3 (six different diffraction patterns measured). The first maxima of Js(2nRr ) and J9(2/tRr) occur at 9.65 and 10-71 respectively, so that, assuming there is no distortion of the particle, the probable value of n, and hence of q, is either 8 or 9, with 9 being slightly favoured.
Electron micrographs of HV6 particles stained with UA pH 3.5 or PTA pH 6.0 show obvious periodicity (Fig. 2a; Bern & Murant, 1979a) . Optical diffraction patterns from straight regions of these particles show a clearly defined layer-line at about 0.28 nm -1, with off-meridional maxima. These are consistent with stain penetration between successive turns of a primary helix of pitch about 3.6 (+0.2) nm. About 8~ of the particles stained with PTA show higher order layer-lines at a spacing of about 0-056 nm -1 (Fig. 2b) , which indicates that HV6 particles too have a repeat period which is five times the helix pitch. Although some of the diffraction patterns show that there is preferential staining of the secondary helices on the front or the back of the virus particle, we did not observe one-sided staining of the primary helix in the same particles. This makes it impossible to decide whether there are 5q + 1 or 5q -1 subunits in the repeat period in the particle. The position of the maximum on the 0.056 nm -1 layer-line gives a 2nRr value of 10-6_+0.3 (three different diffraction patterns measured), which suggests that q has a value of 9.
It is doubtful whether the difference we have observed, by X-ray diffraction and/or by optical diffraction of electron micrographs, in the pitch of the primary helix between HV6 particles (3.6 + 0.2 nm) and HLV particles (3.3 + 0.2 nm) reflects a real difference, because the staining conditions may affect the two viruses differently. However, the values obtained lie within the range reported, from direct electron microscope observations, for other closteroviruses (Tollin & Wilson, 1988) .
